Self-incompatibility enables flowering plants to discriminate between self-and non-selfpollen. In Prunus, the 2 genes determining specificity are the S-RNase (the female determinant that is a glycoprotein with ribonuclease activity) and the SFB (the male determinant, a protein with an F-box motif). In all Prunus S haplotypes characterized so far, with the exception of Prunus armeniaca S 2 haplotype, the 2 genes have opposite transcription orientations. Nevertheless, the relative transcription orientation observed in P. armeniaca S 2 haplotype has been postulated to be the one present in all S haplotypes from this species. We show that this is not the case by demonstrating that that the relative transcription orientation of the pollen and pistil genes of the P. armeniaca S 17 haplotype is that which is commonly found in Prunus. Using a phylogenetic approach, we show that the relative transcription orientation of the S-RNase and SFB genes is seldom changed (less than once every 380 million years). This contrasts with the Brassica sporophytic S locus where chromosomal rearrangements are often observed in the region between the pollen and pistil genes.
Self-incompatibility (SI) is a genetic mechanism that prevents inbreeding and promotes outcrossing. This mechanism comprises recognition of self-or self-related pollen, by cells of the pistil, followed by rejection of the incompatible pollen, through aborted development, either immediately after pollination on the stigma surface or at a subsequent stage during pollen tube growth into the stigma or style (de Nettancourt 1977) . In gametophytic SI (GSI), pollen specificity is determined by the S-locus genotype of the haploid gametophyte. At least 2 linked genes, one determining the pistil specificity and another one determining pollen specificity, must be linked and coevolve as a genetic unit for GSI to work (see for instance, Roalson and McCubbin 2003) . In Prunus, the pistil and pollen GSI components are the S-RNase and SFB gene, respectively. In Prunus, the S-RNase and SFB genes of the characterized S haplotypes are less than 70 kb apart (Ushijima et al. 2001 ). This implies that using long template PCR systems, both genes can be amplified without the need for cosmid contigs.
All speciation events giving rise to extant Prunus species happened in the last 5 million years (Vieira et al. 2008) . Nevertheless, in GSI, specificities are maintained by frequency-dependent selection. Therefore, GSI specificities can be much older than speciation events. The age of the oldest Prunus specificity has been estimated to be in between 15 and 20 million years old (Vieira et al. 2008) . Although, in extant Prunus species, most species sampled exhibit less than 34 specificities, the ancestral to extant Prunus species harbored at least 102 specificities (Vieira et al. 2008) . Nevertheless, for 32 Prunus haplotypes, only the relative orientation of the 2 genes is known (Table 1) . In all except the Prunus armeniaca S 2 haplotype (Romero et al. 2004) , the S-RNase and the SFB genes have opposite transcription orientations (Entani et al. 2003; Ushijima et al. 2003 Ushijima et al. , 2004 Yamane et al. 2003; Nunes et al. 2006; Sonneveld et al. 2005; Surbanovski et al. 2007; Tao et al. 2007; Watari et al. 2007 ). The S-RNase-SFB intergenic region has been studied in detail in 7 Prunus spinosa haplotypes and only one 18-bp conserved element, that is a typical polyA signal, is found, that is located in the first 20 bp of the 3# noncoding region of the S-RNase gene (Nunes et al. 2006) . Therefore, in principle, the S-locus region could have been rearranged, although the small size of the region encompassing the S genes could impose some constraint.
It has been assumed that within P. armeniaca, the orientation of the S-RNase and SFB genes is conserved (see Figure 1 in Romero et al. 2004 , where the transcription orientation of the S-RNase and SFB genes from the S 1 and S 4 P. armeniaca haplotypes is shown as being the same as that observed in S 2 haplotype), despite the observation that in the phylogenetic tree specificities from different species are mingled (see for instance Figure 1 in Vieira et al. 2008 ). The S 17 P. armeniaca S-RNase and P. spinosa S 3.1 and S 3.2 S-RNase cluster together with high bootstrap support (Vieira et al. 2008) . At the nucleotide level, they are 98% identical. The same pattern is also observed for the SFB gene (Vieira et al. 2008 ) as expected because the 2 genes show correlated evolutionary histories (Nunes et al. 2006 ). In P. spinosa, both the S 3.1 and S 3.2 haplotypes have the commonest orientation and the intergenic region is small (less than 1.7 kb; Nunes et al. 2006) . Therefore, in this work, we determined the relative transcription orientation of the 2 genes in the S 17 P. armeniaca haplotype. Using a plylogenetic approach, we show that in contrast to what is observed in Brassica, in Prunus the relative transcription orientation of the pollen and pistil genes is highly conserved.
Material and Methods
Genomic DNA was extracted from young leaves of the P. armeniaca, cv. Satsuki, for which the S 17 -RNase and SFB 17 were sequenced, using the cetyl trimethyl ammonium bromide (CTAB) method as described by Doyle JI and Doyle JL (1987) . The Expand long template PCR system (Roche, Germany) was used to amplify P. armeniaca S 17 haplotype using the 42fmix (TTGCTTTMTTCTTKTGTT) and 370f (TCCAACGAGCACCAACAT) primers for the S-RNase and SFB genes, respectively, according to manufacturer's instructions for system 3 and 48°C as annealing temperature. The resulting amplification product of about 2.8 kb was excised from the gel and the DNA extracted using the QIAEX II Gel Extraction Kit (Qiagen, Hilden, Germany). This band was cloned using the pCR-XL-TOPO vector (Invitrogen, Carslabad, CA, USA). Fourteen colonies were screened for the presence of inserts using the primer pair 370f and 1010r for the SFB gene (5# TCCAACGAG-CACCAACAT 3# and 5# CTTGCTTGGWYTCGTAAT 3#; Nunes et al. 2006) . Plasmidic DNA was purified from 3 different colonies using the QIAprep Miniprep kit (Qiagen). This DNA was then used as template for the sequencing reaction that was performed using the ABI PRISM Big Dye cycle-sequencing kit (Perkin-Elmer, Foster City, CA, USA) and specific primers (see below) or the primers for the M13 forward and reverse priming sites of the pCR2.1 vector. The specific primers used to obtain the complete S 3 -haplotype sequence are as follows: forward primers-5# TATTTTCA-RTTTGTGCAA 3#; 5# ATTTTCATACTCTTTTGT 3#; 5# TTTGGGAAGGSGAATGGA 3#; and 5# AACAAAATA-CCACTTCAT 3# and reverse primers-5# TCCCATACT-CAAAAAGAAG 3#; 5# AATTTTAYKGAAACRAGATG 3#; 5# GGGGGTTTTGTTTTTGTG 3#; and 5# TTGAG-AAAGGTCCCATCT 3#. Sequencing runs were performed by Stabvida Inc. (Lisboa, Portugal).
Analyses of Sequences
The intergenic DNA sequence was deposited in GenBank (accession number EU516388). The nucleotide sequences were aligned using ClustalX v. 1.64b (Thompson et al. 1997) , and minor manual adjustments were performed using Proseq version 2.43 (http://helios.bto.ed.ac.uk/evolgen/ filatov/proseq.html). Analyses of DNA polymorphism were performed using DnaSP 4.1 (Rozas et al. 2003) . The Prunus S-RNase tree was built using the 30 S haplotypes for which an S-RNase sequence longer than 180 amino acids is available. The minimum evolution method for inferring the phylogeny using distance matrices with pairwise deletion obtained with the Kimura 2 parameter model, as implemented in the MEGA software (Kumar et al. 2004) , was used. A close-neighbor-interchange heuristic search (level 2) was performed. For the heuristic search, the initial tree was obtained using the distance based Neighbor-Joining method. In all, 1000 bootstrap replicates were used.
Results and Discussion
In the P. armeniaca S 17 haplotype, the S-RNase and SFB gene present opposite transcription directions, as in P. spinosa. The size of the intergenic region is smaller (974 bp) than that for the P. spinosa S 3.1 and S 3.2 haplotypes (1343 and 1694, respectively). The divergence rate found for the intergenic region is low (0.056 and 0.058 for the P. spinosa S 3.1 -P. armeniaca S 17 and the P. spinosa S 3.2 -P. armeniaca S 17 , et al. (2007) respectively). This value is similar to that found for S-RNase silent sites (synonymous and intron sites; 0.058 and 0.061 for the P. spinosa S 3.1 -P. armeniaca S 17 and the P. spinosa S 3.2 -P. armeniaca S 17 , respectively). In P. armeniaca, 2 relative orientations are present for the S-RNase and SFB genes. Based on the observation that Prunus alleles from different species are found mingled in the phylogenetic tree (Figure 1 ; see also Vieira et al. 2008) and that most Prunus haplotypes show the opposite transcription orientation, we predict that most P. armeniaca haplotypes will also have this orientation. Therefore, it cannot be assumed that in Prunus, all haplotypes within species will have identical gene orientations.
In Prunus, changes in the relative transcription orientation of the pollen and pistil genes are a rarity. The minimum evolution tree shown in Figure 1 indicates that a single change in orientation happened in the external branch leading to S 2 P. armeniaca sequence. In order to calculate the rate (per million years) for the change in the relative transcription orientation of the pollen and pistil genes, we added the estimated length (the units are percentage of amino acid changes; see Figure 1 ) of all branches except that of the S 2 P. armeniaca. The data presented in Vieira et al. (2008) suggest that, for the S-RNase gene, the rate of amino acid change is about 1% per million years. Using this information to convert the units, it is estimated that a change in the relative transcription orientation of the pollen and pistil genes happens once every 380 million years. This result contrasts with that of Brassica species, where the 2 genes determining pistil and pollen specificity at the sporophytic S locus (SRK, the pistil protein that is a receptor kinase and SP11, a cysteine-rich pollen coat protein located a few kilobases away from the SRK ) are frequently found in various relative orientations and different orders in the S-locus genomic region (Cui et al. 1999; Watanabe et al. 2000; Shiba et al. 2003) . The lengths of the SP11-SRK region also varies (from about 1 to 23 kb, see Figure 1 in Shiba et al. 2003; although larger regions (60-104 kb; Watanabe et al. 2000) are also observed due to transposable element insertions. No such elements have been found in the intergenic region of the S-RNase-SFB gene, although they are frequent in the 5# and 3# region of the S-RNase-SFB genes (Entani et al. 2003; Ushijima et al. 2003) . It should also be noted that the age of the extant S-allele lineage in the sporophytic SI system in Brassica is twice that of estimated in Prunus (about 40 millions years; Uyenoyama 1995). Therefore, the age of the 2 systems seems not to be the only cause for the difference observed.
Funding
Fundac xão para a Ciência e Tecnologia (research project POCI/ BIA-BDE/59887/2004 funded by POCI 2010, cofunded by Fundo Europeu de Desenvolvimento Regional funds).
